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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

COMPARISON OF ZERO-LIFT DRAGS D~ BY FLIGHT

TESTS AT TRANSONIC SPEEDS OF SYM31’RICALLY

MOUN’TEDNACELLES IN VARIOUS SPANWISE

POSITIONS ON A 45° SWEPTEACK

WING AKO BODY COMBINATION

By William B. Pepper, Jr., and SheFwood

SUMMARY

Rocket-powered models were “flownat transonic
the effeet df,nacelle location on zero-lift drag.

Hoffman

%

speeds to determine
Symmetrically mounted

nacelles of fineness ratio 9.66 were successively located spanwise at
18, 25, 40, 60, 80, and 96 percent of the wing semispan. The chordwiseh
location of the nacelles was such that approximately 50 percent of the
nacelle length was forward of the wing maximum thickness. The wing had

. a sweepback angle of 45° along the quarter-chord line, an aspect ratio
of 6.o, a taper ratio of 0.6, and an NACA 65Ao09 airfoil section in”the
free-stream direction. The,fuselage fineness ratio was 10.0.

*

For the present wing-body-nacelle configuration, low drag was
obtained for all the spanwise nacelle positions at Mach numbers between
0.80 and 0.91. Nacelles mounted at the wing tips gave the lowest drag
throughout the transonic speed range. For this.nacelle location the
drag was lower than the drag of the test configuration without nacelles
over most of the speed range. The tiboardnacelle position showed low
drag throughout most of the transonic region. Intermediate nacelle
positions on the wing gave the highest drag. The force-break Mach
number of the wing-body-fin combination was not appreciably reduced by
placing nacelles near the wing tips or near the fuselage”. Other loca-
tions reduced the force-break Mch number as much as 0.05.

..
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INTRODUCTION

As part of a general transonic research program o~”the National
Advisory Committee for Aeronautics to determine the aerodynamic prop-
erties of promising aircraft configurations, the Iaigley Pilotless
Aircraft Research Division at Wallops Islandj“Vs.,has-tested a series
of rocket-propelled free-flight models to determine the.variations of
zero-lift drag coefficient for a transonic confi”guratio.nof high aspect
ratio with nacelles at various positions on the wings.

kterference drag at subsonic speeds for &ny type-sof configura-
tions with different wing-body-nacelle combinations has been investi-
gated experimentally and theoretically. Owing to the c~plexities
encountered in theoretical studies, the detetiination of transonic
interference effects has been made solely through experiment. The :
initial investigations of such interference effects were confined to
models with low+spect-ratfo wings. Presently, the importance of the -.
high-speed long-range airplane has led to the exploration at transonic
speeds of interference effects of wing-body-na”cellecom~titions having”-
high-aspect-ratio wings. ..

The wing-body configuration used for the tests ”covered?n this-
paper was the same as the configuration used in the cho~wise nace-~le””‘-
position tests of reference 1. This configuration is believed to be
practical for ’transonicflight because of its “lowdrag coefficient and
high force-break Mach number, which was well-above 0.9. The wing had
a sweepback angle oftik~~along the quarter-ch_ordline, &n aspect ratio
of 6.o, a taper ratio of 0.6, and an NACA 65AO09 airfoi~ section-in
the free-stream direction. The low-drag fuselage had a-fineness ratio
of 10.0 and was a modification of a fuselage developed by the NACA from _
free-fall.tests.

A twin-engine airplane was assumed in order to study individual
nacelle interference. The size “ofthe nacelle was determfied from the
consideration that the full-scale nacelle represented waG ~0 inches in
diameter on a wing of “1500square feet of area”. A naceile fineness ratio
of 9.66 was selected to accommodate anaxial-flow turbo~et en”ginewith -
an afterburner. —

The tests were conducted without air flow through the nacelles to -
simplify the investigation. It is anticipated? however;”that, with the
introduction of internal air flow, the “resultingvariations of hag”
with ducted-nacelle”location would be similar
for
the

solid nacelles. Accordingly, the nacelle
nacelle curvature from the air inlet to a

W%wmmR3”

to the variations found
was made solid
pointed nose.

.-.

by failing”-””’
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8
From *theresults of reference 1, a favorable chordwise location

was selected at the kO-percent semispan stition. The nacelles then.
were varied along the wing span with-
kept at a constant distance ahead of
local wing chord.

Tests covered a continuous Mach
The Reynolds number wss based on the

from 3.8 x 106 to 7.6 x 106 over the

the pointed nose of each nacelle
the ~imum wing thickness at the

number range from 0.80 to 1.25.
mean aerodynamic chord and varied

sp’eed

SYMBOLS .

a longitudinal acceleration, feet

b wing span, feet

CD total drag coefficient, based on

CDN drag coefficient for nacelle plus

* g acceleration due to gravity, 32.2

M (/ )Mach number V Vc

.

range.

per second per second

q

R

SF

%

v

Vc

w

Y

x

%

interference, based on ~

feet per second per second

free-stream dyaamic pressure, pounds per sq~re foot.

Reynolds number, based on wing mean aerodynamic’chord

frontal area of one nacelle, square feet

total wing plan-form area, square feet

velocity along flight path, feet per second

speed of sound, feet per second

model weight after burnout, pounds

flight-path angle, degrees

station, inches
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wing semispan station, measured fro’mfuselage center line .-

8

.- .. . . . ----
ordina~e, inches

.
B---

MODELS ,....- ,,.-

Details and dimensions of the wing-body-fin combination and the
solid nacelle are given in figures 1 to 3 and tableq I to III. Photo- - ““:”~
grap%s showing the general arrangements of the models flown are ‘pre- . ‘_
sented as figure 4,

. J.i —.
-. .-

The models employed for this investigationwere the same as those ,L
in reference 1 except for the location of the nacelles.- The fuselage ~ ~..
of reference 2 was reduced from a fineness ratio of 12 “~ 10 by cutting
off the rear one-sixth of the body. In order to fit a 3.25-inch Mk. 7
aircraft rocket motor into this body, the rear 28 percent of”the
modified body was enlarged. The frontal area of the fuselage was
0.242 square foot.

-...
. .— .—

.-
—

—
)= —

.

The.wing @d a sweepback angleof 45° almg” the qu&rter-chord line,
,.

an aspect ratio of 6.o based on the total wing-plan-fofiarea of .

3.873 square feet, a taper ratio of 0.6~”and:-&nNACA 65AOOg airfoil ‘– ““ ‘“”=
..——

in the free-stream direction. The leading edge of the.wing intersected--”‘ ~ –
the fuselage at the maximum diameter. The ratio of total wing-plan-

*-

form area to the fuselage frontal area was 16*O. ...— ..=:

The nacelles were bodies of revolution having a fineness HitiO

of 9.66 and a frontal area of 0.034 square,foot. Each nacelle was
designed to have an NAC!A1-50-.250nose.inletprofile (based on data’in
reference 3), a cylindrical midsection, and an afterbody of NACA 111
proportions (reference 4). For this investigation, the.method of .. .....
conical lofting from reference 5 was used to tlesigna nose plug to”close
off the nacelle inlet.

— .—,
—

The center lines of the nacelles were in.the wing plane parallel
to’the free-stream direction and were located at 0.18, 0.25, 0.40,
0.60; 0.80, and 0.96 wing semispans measured ?rom the tinter line of
the fuselage. At the 0.96 station, the outside edge o< the nacelle”. .,-,-
was made flush with the tip of the wing. The.distance...~e*weenthe
pointed nose of the nacelle and the Himum thickness of the local-”
wing chord (40-percent-chordline) was kept constant at”ll,45 inches
for all the models. This arrangement was de~ermined to be a ,favorable
nacelle location at 40 percent of the semispan from reference 1. “No” ‘-
filleting was employed at the nacelle-wing junctures.

-
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—
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Two vertical fins were used to stabilize the model directionally.
No fins were required in the horizontal plane ”becausethe sweptback.
wing was located far enough rearward on the fuselage to stabilize the
model in this plane (fig. 1). The leading edges of the fins were
swept back 45° and the fins were 0.091 inch thick. The exposed plan-
form area of the two fins was 0.468 square foot:

TESTS AND MEASUREMENT’S

Flight tests at,zero lift covered a Reynolds number range, based

on wing mean aerodynamic chord, from3.8 x106at M= 0.8 to 7.6 X106
at M = 1.3 as shown in figure 5. The possible erdor was established
from three similar models in reference 1 and was based on the maximum
deviation found between faired curves of the experimental drag points.
The error in the total drag coefficient, based on total wing-plan-form
area of 3.878 square feet, was within io.000k. For the nacelle-plus-
interference drag coefficient, based on 0.034-square-foot nacelle frontal
area, the error was within iO.0~.

Each model was propelled by a two-stage rocket system and launched
from a rail launcher (fig. k(a)). The first stage consisted of a
5-inch light-weight high-velocity aircraft rocket motor that served tob
accelerate the model from zero velocity to high-subsonic speeds. For
the second stage, a 3.5-inch Mk. 7 aircraft rocket motor was installed
in the fuselage to accelerate the model to supersonic speeds. Tracking.
instrumentation consisting of a C. W. Doppler velocimeter and an NACA
modified SCR-584 tracking unit was used to determine the deceleration
and flight path during coasting flight. A survey of atmospheric condi-
tions at the time of each launching was made through radiosonde measure-
ments from an ascending balloon.

The values of drag coefficient, based on total wing.-plan-form
were calculated by using the formula

CD . -*(a +gsiny)
!!&?%

area,

The nacelle-plus-interference drag coefficient was obtained from the
differences in drag between a model without nacelles and a model with
nacelles. This coefficient, based on nacelle frontal area, is

. %7%N= (%nacellesOn -c )‘nacelles off ~

—
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RESULTS AND DISCUSSION

The variations of total drag coefficient with Mach riumberfor all.
the models tested are given in figure 6 andare s.tira.zed in figizren

From a comparison of the curves of CD “against R“”in figtire7,

it is evident that the wing-tip nacelle loc,ation(mode~ F) was the best
position tested. Between” M = 0.80 and M = 0,91, Clj for models A

to E was approximately equal to CD of the model without nacelles.

The drag coefficient of model F, however, was lower”in-this“speedrang=
with its minimum drag coefficient at M = 0,90. At this Mach number,
CD of model F is 13 percent lower thanthe @ag coef~cient of the

.
model without nacelles.

—
-: :.. ..—

Between M = 0.90 and M = 1.00, the drag coefficients of all the
models increased sharply about 100.to 150 percent. The”Mach number at
which the drag rise occurred was about O.@ liigherfor~models with
nacelles located in the proximity of the win-gtips .or&selage than for
models having nacelles located near the “middleof the semispan. The
drag-rise Mach number of 0.96 for the wing-body combination wasriot T___
noticeably reduced by adding nacelles near the wing t~~s.

The addition of nacelles at all..spanwise,positions, except at the
tip, increased the CD at Mach numbers greater thsh ~. By addlfi”g”‘“

nacelles at-’thewing tips, the drag of the w--body c&m%ination was
reduced up”to-M = l.@. Above this &kch number, the &ag Coe”ff’icient
was slightly higher than that for the wing-b.o”dycom%ifition. Nacelles”
located in midsemispan positions.were observe”db have’khe highest ‘--”
increase in drag coefficient. ,-.,=—.

The variations with Mach number of nacel.le.plus-in”ter”fetience“~~ag
coefficient CDN for all the nacelle posttigns investfited are giyen_”

in figure 6. An estimated drag coefficient=loran”iso-kte~ nacelle
(using the results of reference 1) is also plotted so @t the inter=
ference drag may be approximated. Favorable”,interfere~ceis indicated
for nacelles located at 0.18, 0.80, and 0.96 bf the-se5tLspan. For”the.=-
other nacelle positions, unfavorable int”erfef@ce is present near”Mach
number 1.

values of..CDN are cross plotted wi”t-hr~spect to-:spanwisenacel@~_

location and Mach number in figure 8. CcntQW line-s,fipreseaiing lines
of constant cDN~ are drawn through,experimental.p.oin~”. Nacelle .: <j

positions on the wing-body-nacelle configurat,~onsused~erein may be “-
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selected from figure 8 for low drag over a desired speed range. up to
M = 0.91, these nacelles may he located at any spanwise position on the

:

. wing. In order to obtain low drag at higher Mach numbers, it is evident
that the nacelles should be located near the wing tip or near the
fuselage.

CONCLUSIONS

The effect on drag of varying the spanwise position of nacelles
on a 45° sweptback wing and body combinatio~ has been determined through
transonic flight tests at zero lift. The pointed nose of each nacelle
was located at a constant distance ahead of the line of mximum wing
thictiess. The following effects were noted:

1. Low drag was obtained between M = 0.80 and M = 0.91 for all
the nacelle positions investigated.

2. Nacelles located at the wing tips gave the lowest drag; which
was le$s than the drag of the wing-body-fin configuration without
nacelles over most of the speed range. Intermediate nacelle positions
on the wing gave the highest drag.

3. The force-break Mach number of the wing-body-fin combination
was not appreciably reduced by mounting nacelles near the wing tips
or near the fuselage. Other locations reduced the force-break Mach
number as much as 0.05.

4. Favorable interference between the nacelle and wing body was
indicated over the test Mach number range for the 18, 80, and 96 percent
semispan locations of the wing.

Langley Aeronautical Laboratory
National Advisory Counnittee

Langley Field, Va.
for Aeronautics
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TABLE I

FUSELAGE COORDINATES

(i:.) (ii)
o 0

.4 .185

.6 .238
1.0 .3+2
2.0 .578

.g64”
::: . 1.290
8.0 1.577

12. O 2.(Y74
16.0 2.472
20.0 2.772
24. o 2.993
28.0 3.146
32.0 3.250
36.0 3.314
40.0 3.334
44.0 3.304
48.0 3.219
52.0 3.037
;;.: 2.849

2.661
64:0 2.474
66.7 2.347

●
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TABLJlII ...

COORDINATESOF NACA 65Aoo9 AIRFOIL :

.

— —

x/c y~c
(percent) (percent) =

o 0 =

.5 .680 ?

.75 .833 ‘-”~
1.25 latis :

1.460 ‘“
;:: 1.96$ -,
7.5 2.385
10.0 2.736 ‘.:
15.0 3.292 T
20.0 3.714 –
25.0 4.036 ,,‘L-
30.0 ‘4.268 _-
35.0 4.421
40.0 4.495 ““-
45.0 4.485 “
50.0 4.377
;:.: 4.169 –

3.874 --
6~:o 3.509
70.0 3.089 –,
75.0 2.620 .-
80.0 2.117 ‘“
85.0 1.594
90.0 1.069..
95.0 .544
100.0 .019 .

L.E. radius: 0.58 percent c

NACA m L51_IK%
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TABLE III

COORDINATES FOR SOLID NACELLE

(;. )
o

- .100
.330
.83.0

1.330
1.830
2.330
2.580
2.958
3.585
4.840
6.095
7.350
8.605

16.830
17.872
18.913
19.955
20.996

. 22.038-
23.079
24.121
24.25o

(i:.)

o
● 070
.169
;&

;. 622
.747’
.800
.876
.974

1.105
1.190
1.240
1.255
1.25.5
1.237
1.195
1.127
1.029

●9W
.768
.616
.598

11

.-
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Figure 2.-Details and djmensiom of nacelle. All dimenaiom are in

inches.
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and booster arrangement in

views of test models.
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(a) Test model with nacelles. Model

Figure 4.- General

rail launcher.
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Model A; Y = 0.18b/2

“-———

--———

—,-,, - --- —

..-
.“

i

~— .-. ... .. ..- —-
_-k---.? .

-. . . .._ ._:

Model B; Y = o.25b/2

=F”-”-..

Model C; Y = o.4ob/2

(b) Models tith nacelles located inboard on the wfng. ~

L-69123 “
Figure 4.- Continued.
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Model D; Y = 0.60b/2

.—
.—.,—-,i.”+ ,------- ,—, ” A
---.==---..-.

.-.

-- .,.- .-.. -—1

~.c. -....> A

..-
.-——— —. ——— —

,,—. —,.

———-—.——
-. -..” ,,----

—. —.-. ‘“3

Model E; Y = o.8ob/2

Model F; Y = O.96b/2

(c) Models with nacelles located outboard on the tin.. ~’
- L-6914

Figure 4.- Concluded.
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Figure 5.- Variation of
tested. Reynolds

Reynolds number range with Mach number for models
number based on mean aerodynamic wing chord.
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